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INTRODUCTION
Conductive polymeric materials and, particularly, films of polyaniline (PANI) have been intensively studied during the last decade due to perspectives of their application in galvanic sources, electrochromic displays, chemical sensors, etc. [I-41.
The electrical properties of PAN1 as a function of its molecular structure and various external factors are well documented in existing literature . However, there are still some doubts about the basic mechanisms ensuring electric conductivity of PANI. It is well established that PAN1 may exist in three basic structures: emeraldine, pernigraniline and leicoemeraldine bases. They are transformed into corresponding salts if neutralized by acid at pH <3. Namely salt forms of PAN1 exhibit high electric conduction (the highest for the emeraldine salt) . That is why all chemical factors which are able to alter the base-acid equilibrium are potentially important in determining the conductivity of PAN1 and other conductive polymers. One of such factors is the presence of water molecules in the structure of PANI. The molecules of H20 are able to autodissociate thus altering the base-acid equilibrium and influencing the properties of the polymer chain in a manner similar to doping action of acid anions. Until now there is no adequate consideration of the role of water in PAN1 doping. The aim of the paper is to study this role and show the identity of water and acid in their influence onto the electric properties of PANI. The method of dielectric spectroscopy (DS) was used which implies a measurement of dielectric losses of the polymer at varying frequency of an electric field and temperature. DS method yields an information about electrical conductivity of polymer chains at molecular level.
RESULTS AND DISCUSSION
Samples of PAN1 were obtained by a chemical oxidation of heavily acidic solution (pH-0, H2S04) of aniline (concentration 0.5M/@) by chromium anhydride (1 MI@). Such-synthesized PAN1 films are formed of fully protonated emeraldine base, i.e. emeraldine salt according to [I I ] . The polyaniline/solution gel was kept at pH-8 during 24 hours and then separated from the electrolyte by multiple filtration and rinsing followed by drying at 60°C in evacuated atmosphere. This deprotonated PAN1 powder was then used as a basic material to prepare the samples with different doping levels through three-days dipping of PAN1 samples in H2S04 solutions of various pH buffered by (NHJ,SO, to keep an ionic force of the electrolyte constant. Then polymer was multiply Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19937245 rinsed in deionized water and dried at 60°C in evacuated chamber during 3 days. The water content in PAN1 was controlled by a three-days conditioning of the samples in an ambiance with humidity 80% at 20°C.
The dielectric spectroscopy measurements were carried out with the help of DEA-2970
analyzer by TA -Instruments. PAN1 powder was pressed to form 1 mm thick tablets with diameter of 27 mm. The tablets were then placed into a chamber with dry nitrogen at a temperature within -100 + + 100°C interval and polarized by AC voltage (amplitude 1V) in a frequency range 0.3+30000 Hz. Fig.1 (a-d) illustrate the dependence of dielectric losses (tan 6) on temperature and electric field frequency for different PAN1 samples. The uppercase letter in the sample's label shows whether it contains water or is dry (W or D, respectively), whereas digits indicate the value of pH of electrolyte used to dope the samples. There are two distinct regions in the tan6 vs. temperature curves (electric field frequency is the another variable). One region corresponds to the interval of the values of tan6 from zero to 0.81.0.9 (hereafter it will be refereed to as FT-1 region). While a temperature increases, the value of tan 8 grows for several units (FT-2 region) .
The maximum value of tan 6 attainable within FT-2 zone depends on the doping level (compare Figs.l,b-1,d) . Transition zone between FT-1 and FT-2 is shifted towards lower temperatures both by increasing the water content (Figs.1 ,a and 1,b) and the doping level (Figs.1 ,b-1 ,d ). The similarity of the response of the dielectric relaxation spectra to the changes of concentration of H20 molecules and acid anions may be interpreted in terms of a similarity of a mechanism of their molecular interaction with the polymer.
The dielectric spectra of the doped and humid PAN1 samples (Figs.1 .a, 1 .c and 1 .d) possess a break (FTB) that causes additional rise of the tan 8 value (FT-3 region). This break is not observed for dry and undoped PAN1 sample ( Fig.1 .b) . The position of FTB depends both on the temperature and electric field frequency. With increase of the doping level FTB takes place at lower temperatures and the value of tan 6 increases more (up to values of several hundreds - Fig.1 .
d). FT-3 region
corresponds to a transition of the sample into the conductive state.
The humid ( Fig.1 .a) and undoped ( Fig.1 . c) PAN1 samples demonstrate essentially lower values of tan 8 at FT-3 region. So, their conductive properties are inferior, presumably due to IQW dissociation rate of water molecules and insufficient concentration of acid anions.
The similar response of the electric properties of PAN1 to variation of their doping level and water content indicates a common mechanism of interaction of water molecules and acid anions with the polymer chain. We have proposed several possible molecular structures for the PAN1 and their reconfiguration during interaction with water and acid anions. They are shown in the Schemes 1 and 2 ( Fig.2) for the cases of undoped (pH 8) and doped (pH 1,85) PANI, respectively.
It is known that the -N=C bond is responsible for the formation of the highly conductive emeraldine salt. We assume an interaction of water molecule with the imine nitrogen atom through the formation of hydrogen bond. This bond is formed by unshared electron couple of the nitrogen atom. As a result the neighboring atom of carbon gains some positive charge and is nucleafilly attacked by the oxygen atom of another water molecule. The hydrogen bond between the two H20 molecules completes the 6-term ring as it is shown in the Scheme 1 .l.
The 6-term ring structure of the water/PANI complex corresponds to the humid samples of the polymer. It is decomposed in the case of dried PAN1 (through the intermediate structure 1 .l ,a) and finally transforms into the structure 1.2 where N atom is in the amine form.
The polysemiquinone structure 1.3 (2.3) may be also obtained as a result of the decomposition of the 6-term structure 1.1 assuming a redistribution of the bonds in the water molecules. The process is assisted by a generation of a positive charge (which is further delocalized in polymer chain) and formation of O K ion stabilized by coupling with water molecule. This transformation is equivalent to autodissociacion of H20 molecules absorbed within the polymer. In the case of doped PAN1 (emeraldine salt) it results in regeneration of two water molecules as the charge compensation is ensured by acid anion.
The model assumes that the structure of fully protonated PAN1 is a product of an incomplete hydration of the imine bond C=N of the emeraldine base through the mechanism of the acidic catalysis. The complete hydration of the imine bond is equivalent to a deprotonation of PANI, break of x-bonds in polymer chain and its transition into an insulating state.
